The assertion that the clinical efficacy of antide-pressants is comparable between - and within - the classes^[@ref1]^ may be true from a statistical viewpoint, but is of limited value in practice. Indeed, depression is, clinically and biologically, a heterogeneous illness and several lines of evidence suggest that the response to a pharmacological treatment depends on the patient\'s biological state.^[@ref2]^ Despite advances in psychopharmacology, more than one-third of patients do not respond to the drug of first choice.^[@ref3]^ Therefore, a major issue is not only to have efficacious drugs, but also to optimize their use.

During the past years, there has been Increasing Interest In the Identification of predictors of outcome in depression. However, there is little consensus regarding which clinical and biological variables influence the therapeutic response to antidepressants.^[@ref4],[@ref5]^ Among the possible predictors, those derived from neuroendocrine investigations have been extensively studied. These predictors can be measured at baseline (ie, after a sufficient drugwithdrawal period) and/or during the course of treatment. It is beyond the scope of this article to detail the numerous endocrine indicators that can be used as potential biological predictors of outcome. Rather, this paper illustrates, through selected examples, the usefulness of some pertinent neuroendocrine investigations.

HPA axis
========

Considerable research findings have accumulated over the last four decades regarding the role of the hypothalamicpituitary-adrenal (HPA) axis in the psychobiology of depression.^[@ref6]^ Increased Cortisol secretion and failure to suppress Cortisol in response to dexamethasone, a glucocorticoid agonist, have been consistently associated with severe, melancholic, and psychotic depression.^[@ref7]-[@ref9]^ It has been hypothesized that this stress axis overdrive is primarily a reflection of abnormal limbic-hypothalamic activation, with increased secretion of hypothalamic corticotropin-releasing hormone (CRH) and consequent excessive adrenal Cortisol secretion. However, it remains uncertain whether the hypercortisolism is an epiphenomenon or directly contributes to depressive symptomatology and to the biochemical alterations seen in major depression *([Figure 1](#DialoguesClinNeurosci-7-273-g001){ref-type="fig"}).^[@ref10]^*

![Overview of the relationships between the monoamine systems and the hypothalamic-pituitary-thyroid (HPT) and hypothalamic-pituitary-adrenal (HPA) axes. 5-HT, serotonin; NA, noradrenaline; DA, dopamine; monoamine receptors, 5-HT~1A~, α~2~-adrenoreceptor, DA-D~2~; ACTH, adrenocorticotropic hormone; CRH, corticotropin-releasing hormone; TRH, thyrotropin-releasing hormone; TSH, thyroid-stimulating hormone. + and - arrows indicate stimulation and inhibition, respectively, of the secretion of monoamines and hormones.](DialoguesClinNeurosci-7-273-g001){#DialoguesClinNeurosci-7-273-g001}

The dexamethasone suppression test
----------------------------------

Although the exact pathophysiology underlying dexamethasone suppression test (DST) nonsuppression remains unclear, it has been suggested that abnormal Cortisol response reflects impaired negative feedback at the level of the pituitary corticotroph (ie, decreased type II glucocorticoid receptor function) on endogenous HPA axis hyperactivity (ie, increase in hypothalamic CRH drive that overrides the action of dexamethasone).^[@ref11]-[@ref13]^

However, (i) Cortisol nonsuppression following DST is not specific for the diagnosis of major depression; and (ii) the sensitivity of the DST in depression is low. Indeed, only 15% to 25% of major depressed patients are nonsuppressors, while the rate of positive DST increases in severe depression (about 40% to 70% ).^[@ref14]^ Despite these limitations, the use of DST in psychiatric research still has considerable merit. For example, serial DST monitoring of depressed patients undergoing drug treatment showed that DST gradually turned into suppression in treatment responders.^[@ref15],[@ref16]^ Patients whose DST remained abnormal or who were initially suppressors, but became nonsuppressors during an observation period, had a poorer prognosis.^[@ref6],[@ref17]^ In addition, over a long-term follow-up, DST suppressors at baseline have a better outcome than nonsuppressors.^[@ref18]^ Although conflicting results on the predictive value of the DST have been reported, it is generally accepted that (i) the presence of an abnormal DST indicates the need for a biological treatment, while (ii) the initial DST status has no predictive value in the choice of prescription of antidepressants.^[@ref19]^

The combined DEX/CRH test
-------------------------

After CRH became available for clinical studies, a more sensitive test than the DST was developed: the combined dexamethasone/corticotropin-releasing hormone test (DEX/CRH test)^[@ref20]^ in which dexamethasone-pretreated subjects receive a single dose of CRH during the afternoon of the next day. In healthy control subjects, owing to the normal inhibiting activity of the glucocorticoid receptors at the pituitary level, CRH administration induces only a small amount of corticotropin (adenocorticotropic hormone \[ACTH\]) and Cortisol secretion. In depressed patients, the ACTH/cortisol response to the combined DEX/CRH test is significantly increased compared with controls. This phenomenon suggests an altered glucocorticoid feedback regulation (ie, decreased glucocorticoid receptor sensitivity), possibly associated with hypothalamic CRH and vasopressin overdrive.^[@ref21]^

The combined DEX/CRH test identifies HPA axis dysfunction with high sensitivity in severe major depression (about 80% ).^[@ref20]^ Furthermore, DEX/CRH test normalization typically precedes or coincides with - rather than follows - clinical recovery, and failure to normalize portends poorly for clinical outcome.^[@ref22]^ Patients with persistent severe HPA dysregulation are more prone to relapse within 6 months than those with low Cortisol response to the DEX/CRH test at discharge.^[@ref23]^ Moreover, early improvement (after 1 or 2 weeks of therapy) and beneficial treatment outcome after 6 weeks are associated with a lower HPA system activity.^[@ref21]^

Taken together, these studies suggest that lowering HPA activity and clinical response are related. However, in a recent study, Watson et al^[@ref24]^ have found that the DEX/CRH remains abnormal in remitted bipolar patients, suggesting that HPA axis dysfunction is a potential "trait" marker in bipolar disorder.

Effects of antidepressants on the HPA axis
------------------------------------------

Recent research suggests that antidepressants could exert their clinical action in depression via the restoration of type II glucocorticoid receptor function with a subsequent reestablishment of HPA axis negative feedback.^[@ref25]^ Indeed, animal studies^[@ref26]^ have consistently shown that antidepressants (ie, tricyclics, selective serotonin reuptake inhibitors \[SSRIs\], moclobemide, tianeptine) increase type II and type I (or mineralocorticoid) receptor exprèssion and function (ie, increased efficiency of signal transduction by increasing mRNA levels and hormone-binding activities). This, in turn, is associated with enhanced negative feedback by endogenous glucocorticoids, and thus with reduced HPA axis activity. Downstream consequences of lowered Cortisol secretion is a lessening of expression of genes that are under corticosteroid regulatory control, among them those related to biogenic amine neurotransmission.

Additional evidence indicates that cortisollowering treatments (ie, "antiglucocorticoids") may be of clinical benefit in depressed patients. Indeed, open and controlled trials suggest that blockers of Cortisol synthesis (ie, metyrapone, ketoconazole, aminoglutethimide), or type II glucocorticoid receptor antagonists, including mifepristone (RU-486) and ORG 34517, may exert anti-depressant effects.^[@ref27]^ Although clinical usage of the currently available antiglucocorticoids is limited by significant side effects, the development of drugs that specifically target the glucocorticoid receptor may lead to innovative strategies in the treatment of depressive states. In the same way, development of effective CRH blockers^[@ref28]^ will provide an important tool for further study of the role of CRH hypersecretion in severe depression and other stress-related illnesses.

HPT axis
========

It is well established that major depression may be accompanied by a dysfunction of the hypothalamic-pituitary-thyroid (HPT) axis, including a slight elevation of serum thyroxine (T~4~), subnormal (or "blunted") thyrotropin (thyroid-stimulating hormone \[TSH\]) response to morning injection of protirelin (thryotropin-releasing hormone \[TRH\]), and a loss of the nocturnal rise in TSH.^[@ref29]^ Usually, this phenomenon is not secondary to hypercortisolism.^[@ref30],[@ref31]^ Investigation of the HPT axis by means of the TSH response to morning administration of TRH (at 8 am or 9 am) has limited clinical value because of modest diagnostic sensitivity (about 25 %).^[@ref30]^ Owing to the circadian activity of the thyrotroph, which is maximal between 11 pm and 1 am pituitary TSH secretion is more sensitive to TRH stimulation in the evening than in the morning, both in normal controls^[@ref31],[@ref36]^ and in depressed patients.^[@ref31],[@ref37]^ In 1990, our group^[@ref31]^ reported that the 11 pm TRH-TSH test was more sensitive than the 8 am TRH-TSH test, and that the difference in TSH response between 11 pm and 8 am TRH tests (ΔTSH) was an even more sensitive measure. Consistent with our original observation, this chronobiological index is reduced in about 80% of major depressed inpatients.^[@ref37]-[@ref39]^

It has been suggested^[@ref30]^ that blunted TRH-induced TSH stimulation might reflect downregulation of the TRH receptors in the pituitary gland secondary to a prolonged increase in hypothalamic TRH stimulation. Furthermore, the shift to higher iodothyronine levels in euthyroid depressed inpatients, both in the morning^[@ref40]^ and in the evening,^[@ref37]^ may contribute to the blunting of TSH response to TRH.^[@ref41],[@ref42]^

Predictive value of the TRH test
--------------------------------

So far, studies of the therapeutic predictive value of the TSH response to TRH test have yielded conflicting results.^[@ref30],[@ref43]^ Some studies have found that the normalization of the test is associated with remission, in which case the blunted TSH response - and more obviously the reduced ΔTSH values- may be considered as a "state" marker of depression.^[@ref38]^ Conversely, persistence of blunted responses during remission could represent a "vulnerability" marker to depression.

Some investigators^[@ref43]^ have found no link between the initial status of the TRH test and the subsequent response to a particular antidepressant treatment defined according to its biochemical mechanism of action. Others^[@ref44]^ have found an association between the blunted TSH response and the response to desipramine (which shows a predominant "noradrenergic" action). On the other hand, it has been observed that patients with the lowest pretreatment evening TSH secretion (basal and after 11 pm TRH stimulation) have the lowest rate of antidepressant response, and this may contribute to antidepressant treatment resistance.^[@ref38]^ In such cases, it has been speculated that adjunction of thyroid hormones,^[@ref45]^ could be particularly beneficial to amplify antidepressant effects, since, by increasing the negative feedback on the hypothalamus, thyroid hormones may decrease TRH overproduction at this level.

To date, only one study has examined the relationship between morning and evening TSH and prolactin (PRL) response to TRH tests prior to antidepressant treatment and 12-month outcome.^[@ref46]^ In this study, dissociation between 11 pm TRH-induced TSH and PRL stimulation (ie, blunted TSH response associated with normal PRL response) was indicative of poor clinical outcome. Thus, normal PRL response to TRH, despite decreased TRH receptor responsiveness, might reflect a decrease in dopaminergic tone, since dopamine (DA) inhibits PRL secretion. In such patients, one may hypothesize that adjunctive therapy with DA agonists might be useful to amplify antidepressant effects.

Effects of antidepressants on the HPT axis
------------------------------------------

A number of reports suggest that treatment with antidepressant drugs leads to changes in thyroid function tests: either decreased peripheral thyroid hormone levels and/or increased TSH levels (basal or post-TRH stimulation).^[@ref47]-[@ref52]^ However, these results have not always been confirmed,^[@ref53]-[@ref58]^ owing in part to methodological limitations, eg, small sample sizes, variable definitions of depression, hospitalization status, and technical factors, such as differences in the sensitivity of the assays used in the measurement of thyroid hormones and TSH. Furthermore, it remains unclear whether changes in thyroid function are a direct effect of an antidepressant on the thyroid axis or a correlate of clinical improvement.

Animal studies^[@ref58],[@ref59]^ suggest that chronic antidepressant treatment decreases thyroid function. However, data from healthy volunteers support the notion that tricyclic antidepressants have no consistent effect on TSH secretion.^[@ref60],[@ref61]^ In depressed patients, most studies have shown that antidepressant treatment with tricyclics,^[@ref49],[@ref55],[@ref61]^ SSRIs,^[@ref58]^ or monoamine oxidase inhibitors (MAOIs)^[@ref62]^ does not induce significant changes in TSH levels. Moreover, it has been reported,^[@ref45],[@ref47]^ but not consistently,^[@ref63]^ that response to tricyclic antidepressants is associated with (i) higher pretreatment T~4~ levels; and (ii) decreased measures (within the normal range) of T~4~ and free thyroxine (FT~4~) without changes in triiodothyronine (T~3~) or TSH levels. Thus, although this is not supported by all studies, changes in thyroid function appear to be related to clinical recovery rather than to a direct effect of the antidepressant drug. This is further supported by the fact that normalization of the ΔΔTSH test is related to clinical recovery, while, irrespective of outcome, ΔΔTSH values are not significantly changed by 4 weeks of treatment with amitriptyline, fluoxetine, toloxatone, venlafaxine, or tianeptine.^[@ref38],[@ref64]^

Neuroendocrine investigations of the noradrenergic system
=========================================================

The original catecholamine depletion hypothesis of depression has been reformulated into the "noradrenergic dysregulation hypothesis,"^[@ref65]^ which emphasizes a primary subsensitivity or downregulation in nerve terminal α~2~-adrenoreceptors, leading to impaired negative feedback on presynaptic neurons, which in turn may induce a disinhibition of noradrenaline (NA) output and exaggerated NA release in response to any activation of the catecholaminergic system. One of the most consistently reported abnormal findings in depression is a blunted growth hormone (GH) response to acute administration of clonidine, a partial α~2~-adrenoreceptor agonist. This suggests subsensitive postsynaptic α~2~-adrenoreceptors at the hypothalamic level. A dysregulation of the NA systern may lead to increased anxiety in depressive patients.^[@ref66],[@ref67]^ More generally, blunted GH response to clonidine does not appear specific to depression, but rather to the "anxiety spectrum," since this blunting has also been observed in generalized anxiety disorder,^[@ref68]^ panic disorder,^[@ref69],[@ref70]^ and social phobia.^[@ref71]^ The link between anxiety and NA dysregulation in depressed patients is further supported by the negative correlation between GH response to clonidine and the severity of anxiety as evaluated by the Hamilton Anxiety Scale scores.^[@ref72]^

Predictive value of the clonidine test
--------------------------------------

Some studies have shown that remitted depressive patients show reduced GH responses to clonidine,^[@ref73],[@ref74]^ suggesting that decreased sensitivity of α~2~-adrenergic receptors may represent a vulnerability marker for depression. This is further supported by the fact that, despite having differing mechanisms of action, antidepressants such as desipramine, mianserin, clorgyline, amitriptyline, and fluoxetine do not restore clonidine\'s effect on GH secretion in responders or nonresponders to treatment.^[@ref75],[@ref76]^

It has also been argued that deficiencies in NA function could lead to differential response to noradrenaline and serotonin reuptake inhibitors.^[@ref77]^ In a study by Coote et al,^[@ref78]^ the decreased GH response before treatment was correlated with subsequent good clinical response to desipramine (a "noradrenergic" antidepressant). In a recent study, Correa et al^[@ref79]^ reported that amitriptyline, which primarily increases NA function, was more efficacious than fluoxetine in depressed patients showing at baseline blunted GH to clonidine (amitriptyline is at least 100 times more potent than fluoxetine in the inhibition of the noradrenaline transporter^[@ref80]^). Taken together, these results suggest that the NA function might influence response to antidepressant treatment.

Neuroendocrine investigations of the DA system
==============================================

It is known that the mesolimbic DA system plays a key role in goal-directed and motivational behavior. In depression, it has been suggested that hypofunction in mesolimbic DA system may be involved in anhedonia and amotivational apathy.^[@ref81]^ DA agonists can facilitate the action of antidepressant drugs in certain animal models of depression and in some depressed patients.^[@ref82]^

According to the neuroendocrine challenge paradigm, hormone responses to DA agonists may provide an indirect assessment of central DA neurotransmission at the post-synaptic receptor level within the limbic-hypothalamicpituitary axis in humans.^[@ref83],[@ref84]^ Apomorphine, a direct-acting DA agonist with high affinities for D~2~ and D~3~ receptors^[@ref85]^ and a partial agonist at the Dj receptor,^[@ref86]^ decreases PRL and stimulates GH,^[@ref84]^ ACTH, and Cortisol secretion.^[@ref87]-[@ref89]^ In major depression, discrepant findings have been reported: unaltered responses^[@ref76],[@ref88]-[@ref90]^ or decreased GH response^[@ref77],[@ref91]^ to apomorphine have been found. Some of these divergences may be explained by the diversity of factors that influence the hormonal response to apomorphine, and by the heterogeneity of the populations studied. Indeed, when depressed patients are classified according to their clinical features, differences in the apomorphine response are observed between subtypes. For example, it has been found,^[@ref88],[@ref92],[@ref93]^ but not by all,^[@ref90]^ that apomorphine produces a lesser decrease in serum PRL levels in bipolar patients than in normals and in unipolar patients. On the other hand, unipolar patients with melancholic and psychotic features often show reduced ACTH/cortisol responses especially when hypercortisolism coexists.^[@ref94]^

From a pathophysiological viewpoint (i) blunted PRL response to apomorphine may reflect decreased D~2~ receptor function in the pituitary (ie, lactotrophs); and (ii) blunted ACTH/cortisol response may reflect decreased DA receptor function (ie, D~2~ receptor-like or *T\>i* receptor, or both) connected with the regulation of the HPA axis at the hypothalamic level.

Predictive value of the apomorphine test
----------------------------------------

Some preclinical studies suggest that long-term antidepressants upregulate and/or hypersensitize postsynaptic DA receptors (ie, D~2~ and D~3~)^[@ref95]^ - as reflected by increased apomorphine responses in animals treated with several classes of antidepressants. However, in depressed patients, changes in DA function (ie, increased ACTH/cortisol, but not GH and PRL, responses to apomorphine) following antidepressants appear to be transient (ie, after 2 weeks\' treatment, but not after 4 weeks). These changes are not correlated with clinical efficacy and are independent of the compound administered (venlafaxine, tianeptine).^[@ref64]^

On the other hand, it has been found that greater DA postsynaptic sensitivity (assessed by greater GH response to apomorphine) is associated with greater resistance to paroxetine treatment. This finding has lead to the hypothesis that pretreatment low DA receptor responsivity could predict antidepressant response to SSRIs.^[@ref96]^

Endocrine disorders
===================

Endocrine disorders are among the factors that should be routinely searched for in the management of depressed individuals. Rare cases of endocrine disorder-related depression can be identified through the systematic measurement of some parameters, eg,TSH/FT~4~/FT~3~, PRL, cortisol/ACTH, parathyroid hormone/calcium, and glucose. Moreover, it has been well documented that endocrine disorders are factors that may contribute to treatment resistance.^[@ref14]^ The dexamethasone test is also used by endocrinologists and this test can be used routinely in psychiatry because it is simple and has decent sensitivity and predictive value in clinical evolution and response to treatment.

Conclusions
===========

The findings reviewed in this article add further to the body of data pointing to the utility of neuroendocrine measurement in discriminating among subtypes of depressive disorders. Depression is characterized by a complex configuration of disturbances in a number of neurotransmitter and hormonal systems. Given the multiple reciprocal relationships between these systems, it is not appropriate at the present to consider one system as primary in an etiological sense.

Moreover, the biological changes that can be studied ("biological states of depression") not only result from the pathophysiological process involved in the etiology of depression, but also from adaptive processes that maintain the homeostasis of the systems. This is why, in basal conditions, it is rare to find significant biological abnormalities in depressive states. In contrast, dynamic challenges destabilize the homeostatic balance and may therefore be used to better characterize heterogeneous biological states. Moreover, this characterization may lead to different therapeutic strategies.

According to many studies, the presence of positive (or abnormal) neuroendocrine test suggests a need for antidepressant somatic therapy of depression, but the predictive value of these tests need further clarification. Unfortunately, for methodological, ethical, and economic reasons, the neuroendocrine tests are rarely performed in battery (ie, several tests for each patient) and this limits their application from a pathophysiological and therapeutic viewpoint. For instance, in depression, the absence of chronobiological dysfunction of the thyroid axis (ie, normal ΔΔTSH) is significantly associated with decreased serotonergic function, and vice versa.^[@ref39]^ Therefore, the response to ΔΔTSH test may be of great value since a normal ΔΔTSH test could orientate the clinician towards antidepressants that increase "serotonergic" transmission; while a blunted ΔΔTSH test, which is often associated with a blunted clonidine test,^[@ref97]^ could orientate the clinician toward antidepressants that increase "noradrenergic" transmission.

The relationship between neuroendocrine test results and clinical outcome has mostly been described in retrospective study protocols. On the basis of our observations, and those of others, one may propose the following strategies, which could be the theme of prospective clinical trials of antidepressants (strategies marked with an asterisk have not yet been evaluated in depressed patients):

-   SSRI appear to be perfectly suitable for the first-line treatment for depression, especially when there is no evidence for chronobiological dysfunction of the thyroid axis (normal ΔTSH).

-   "Noradrenergic" antidepressants appear to be suitable when the GH response to clonidine is blunted and/or when there is evidence for chronobiological dysfunction of the thyroid axis (blunted ΔTSH).

-   "Dopaminergic" antidepressants appear to be suitable in case of normal TRH-PRL response associated with blunted TRH-TSH response (performed at 11 pm) and/or in case of blunted PRL response to apomorphine test (which is often observed in bipolar depression).\*

-   In case of a positive DST, frequently associated with severe depression, antidepressant treatment alone will probably not suffice and therefore calls for a different approach (ie, adjunction of "antiglucocorticoids" to antidepressants, or antipsychotics, since in some melancholic/psychotic depressed patients DST is associated with blunted ACTH/cortisol response to apomorphine, reflecting a possible presynaptic DA hypersecretion at the hypothalamic level).

-   In case of nonresponse or partial response In patients with pretreatment 11 pm blunted TRH-TSH response, one may propose adjunctive thyroid hormone therapy.\* In this Indication, T~3~ seems to be more efficacious than T~4~.^[@ref98]^ Since TSH blunting could be secondary to hyper-secretion of endogenous TRH, It may be that treatment with exogenous thyroid hormone Increases the negative feedback and, In this way, tends to correct the hypersecretion of endogenous TRH. Speculating further, the return to normal levels of TRH is perhaps part of the physiological normalization, which Is associated with resolution of a depressive episode.

Finally, It would also be Interesting to study the above strategies in conjunction with pharmacogenomic approaches.
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